The information maintenance technology of machine operator training quality assessment with numerical programmed control (the machine operator), which ensures the operation of the "Operator -Machine Tool -Part Manufacturing Program" (OMMP) system, has been studied. The methods used to obtain primary empirical self-assessments, expert assessment and standardized estimates of the industry standard for calculating:
Introduction
Information Technology (IT) to support the assessment of the quality of machine operator training as an OMMP element in the production sphere -is a set of methods and procedures by which the functions of collection, transmission, processing, storing and communicating to the user information in organizational and management systems with the selected complex of technical means [1] .
A machine operator with computerized numerical control (CNC) is a machine operator, a "worker working on a machine tool" [2] .
Information technology, which provides an increase in the machine operator training quality, is an indicator of the effectiveness of the use of a complex of diagnostic, mathematical and formative methods, actualizing research. The experience of using existing methods for assessing the training quality of machine workers indicates the absence of a systemic assessment of the interaction of the qualities of a person's professional competence (subjective factors) and the objective factors causing them.
The scheme of ensuring the effectiveness of information maintenance technology for assessing the quality of machine operator training is shown in Fig. 1 .
Original Research Article: full paper Fig. 1 . The scheme of the effectiveness of providing information maintenance technology for machine operator training quality assessment BLOCK I. Levels (Numerical Values of the Index -І TQ ) of information maintenance technology for machine operator training quality assessment as an element of the social (C) subsystem, which functions only in conjunction with the technical (Ті) and information (Іі) subsystems of the OMMP system. BLOCK II. Dynamics (+/-) of the quality of machine operator training is an indicator of the formed qualities of personality, the content of which is subordinated to the general ultimate goal (result) of the functioning of the OMMP system. BLOCK III. Efficiency is a significant increase (+) of the indicator of information maintenance technology for machine operator training quality assessment, which is provided by subjective factors (the formed qualities of the operator's identity) in co-operation with the factors that determine their formation by external (objective) factors.
BLOCK ІV. Interrelation of formed personality qualities (subjective factors) and causing objective factors in the process of state attestation of the machine operator.
The effectiveness of the information maintenance technology for machine operator training quality assessment of the basic sample (c) in the comparative study is fixed using the formula of the mean square deviation of the empirical values of the index estimates (1):
where 1 I -empirical numerical values of the index estimates of the machine operator І і in open mixed systems of the first diagnostic slice; 2 I -empirical numerical values of the index estimates of the machine operator І і in open mixed systems of the next (second) diagnostic slice; k -ordinal number of the empirical value of the index estimates of the machine operator, which is included in the current basic research sample (n=34).
Literature review and problem statement
The basis of information maintenance technology for machine operator training quality assessment is the formation of competencies that characterize the content of the professional competence of the individual: "it is the aggregate of abilities, purposefulness, resolve and willingness of the subject to a qualified constructive activity, realized in practical activity" [3] . The study of the quality of machine operator training involves the study of its professional competence by methods of self-assessment and expert assessments using a common list of indicators and a ranking scale.
Professional competence characterizes the degree of competence in the practical activity of the machine operator, "competence is an assessment of the achievement (or non-achievement) of this norm" [4] . The proposed scheme for determining the professional competence of a specialist relies on the interaction of diagnostic methods of acquired knowledge, skills and abilities (self-assessment methods) and products of practical activity (methods of expert assessment). Scientists [5] are studied the influence of the personality traits of a specialist on the results of practical activity, but do not use methods of combining self-assessments and expert assessments. 
Computer Sciences
The professional competence of the machine operator can be considered as: 1) integrative concept, which includes a set of constituents (mobility of knowledge, alternatives to the method of activity, critical thinking);
2) system of components (social, special, individual); 3) combination of components (training and key competencies); 4) composition of integrated knowledge, skills, abilities, and the like; 5) knowledge in action, social and personal experience in a particular field; 6) qualitative and quantitative characteristics of the personality properties " [6] .
In the structure of the concept of professional competence of a specialist, researchers are obliged to identify certain components which content is differentiated and specified by their indicators. In our study, the "professional competence of the machine operator", which is an element of the OMMP system, is defined as an integral characteristic of the interaction of gnostic, motivational and productive components which interconnections describe the integrity of his personality.
When modeling mathematical methods for assessing the quality of machine operator training, let's adhere to the algorithm definition: "Training quality is commonly understood as the correspondence of a specialist's training level to the requirements of a professional environment in which he has to work" [7] . The model of this study involves obtaining a series of self-assessments, expert assessments and standardized assessments, but does not imply their combination, hinders the study of the dependence of the level of professional competence and the quality of specialist training [8] . Over the past decade, researchers have been actively proposing mathematical models for assessing the professional skills of workers in conjunction with employer ratings [9] . When studying the relationship between assessments of the quality of specialist training and professional competence in the political sphere [10] , scientists come to the conclusion: "By creating standardized work instructions, it becomes easy to assess the process and make sure that work tasks are performed at the right level of quality" [11] . The use of self-assessments, expert assessments and standardized assessments in accordance with standardized requirements for assessing the quality of a specialist's training makes it possible to consider it in conjunction with the level of development of its professional competence under the influence of formative methods.
Improving the training quality increases the efficiency of information technologies of the production process, which is studied in [12, 13] . Scientists investigate mathematical methods that take into account, besides the objective characteristics of the personality, other characteristics of the technical and informational subsystems. This makes it possible to use simulators based on information systems in the production process [14] [15] [16] [17] .
Our study uses a validated single list of indicators and a typical ordinal scale to obtain a series of self-assessments, expert assessments and standardized assessments, on the basis of which mathematical calculation models are developed: the machine operator's professional competence index and the quality assessment index of its training as an element of an open mixed OMMP system.
Mathematical modeling of index estimation
The index of professional competence of the machine operator (І PC ) is calculated on the basis of a series of self-assessments and expert assessments using a single list of indicators and a single-type ordinal scale of assessment.
The information technology index for ensuring the assessment of the quality of machine operator training (I TQ ) is calculated using two series of assessments -expert ratings and standardized assessments of the industry standard, obtained on the basis of a single list of indicators.
The study of the influence of state attestation methods on increasing the level of professional competence and the quality assessment of the training of machine operators, who have increased their qualification rank, was conducted on the basis of a specially selected sample of subjects. To study the dependencies between the index estimates of the machine operators of this sample, a well-grounded set of mathematical statistics methods was used: the Shapiro-Wilk criterion; average sample values, sample dispersions, mean square deviations, sample linear correlation coefficient, approximation error, elasticity coefficient, determination coefficient, F-criterion, Student's t-test [18] .
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Research results of information maintenance technology of machine operator training quality assessment
In the study of information maintenance technology of machine operator training quality assessment a single list of indicators of personal professional competence was used, the specific weight of which was deducted by the methods of average sample values of expert assessments and their ranking [19] . The content of the selected 18 indicators is formulated in accordance with the requirements of the ISO 18529 standard "Ergonomics -Ergonomics of human-system interaction -description of human-oriented life cycle processes" [20] , ( Table 1) . Table 1 Components and indicators of professional machine operator competence The obtained series of assessments (self-assessments, expert assessments and standardized assessments of industry standard requirements), using a single list of indicators of professional competence, are used to calculate the index estimates of the formation of professional competence of the machine operator (I PC ), which is an element of the social subsystem of the OMMP system, and information maintenance technology of machine operator training quality assessment (I TQ ).
The index of professional competence of the machine operator (I PC ) is based on the content of the three components of the integrated numerical coefficients (K G , K M , K F -gnostic, motivational and final components), where each is calculated separately by combining two series of empirical estimates obtained using a single list of indicators: self-assessments (A s ) -х 1 , х 2 , х 3 ,…, х n ; expert assessments (A e ) -у 1 , у 2 , у 3 ,…, у n using the model of formula (2), known as the Lebedik index [19] :
where (A e ) -total indicator of expert assessments of the i-th number of the corresponding indicator:
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where K G , K M , K F -empirical numerical values of the integrated coefficients of the gnostic, motivational and final components. The index of information maintenance technology of machine operator training quality assessment (I TQ ) is determined based on the calculation of the three component coefficients (K G , K M , K F ). Each coefficient is separately calculated by combining two rows of assessments obtained using a single list of indicators and a single-type ordinal assessment scale: experts' assessments (A e ) -у 1і , у 2і , у 3і ,…, у nі ; and normalized assessments of the requirements of the industry standard (A st ), -с 1і , с 2і , с 3і ,… с nі . These two series of expert and industry standard assessments are combined into an integrated numerical factor, separately, for the gnostic, motivational, and effective personality components of a machine operator using formula (4) with [19] : The quality assessment index of machine operator training (I PC ) combines the three components of the integrated numerical coefficients -gnostic (K G ), motivational (K M ) and the final (K F ) components and is calculated using the formula (5):
To conduct a comparative analysis in order to verify the influence of state certification on the growth of the level of formation of professional competence of the machine operator in conjunction with the machine operator training quality assessment, based on the created model of the (Fig. 2) . The results of a comparative analysis of changes in the indices of professional competence formation for the sample of machine operators (n=34) using the methods of mathematical statistics, Table 2 . According to the results of the 2nd diagnostic slice, the level of professional competence of machine operators increased due to subjective factors -the quality of professional competence of the individual, formed by state certification methods (objective factors). Improving the qualification category of machine operators with state certification tools has intensified its social and practical activities in cooperation with higher performance CNC machines (technical subsystem) and control programs for manufacturing parts on a CNC machine with a higher level of complexity (information subsystem) of the OMMP system.
Thus, it has been experimentally proven that raising the level of qualification discharge by means of state attestation significantly influences the growth of the index score for the formation of professional competence of the machine operator as an element of the OMMP system.
The growth of the efficiency index of information technology to support the assessment of the training quality for machine operators is the determination of significant changes in empirical numerical values of the index estimates of two diagnostic measurements, which is graphically shown in Fig. 3 .
Research results of changes in information maintenance technology indexes of training assessment for 34 machine operators (2017, compared to 2016) using the methods of mathematical statistics, Table 3 According to the results of the 2nd diagnostic slice (2017), compared to the 1st slice (2016), the change in the index estimates of information maintenance technology of training machine operator training quality assessment is due to the level of professional competence of the personality, due to objective factors, in particular certification Improving the qualification category of machine operators with state certification contributes to the growth of his achievements in using types of CNC machines with higher productivity (technical subsystem) and control programs for processing parts of higher levels of complexity (information subsystem) of the OMMP system.
The growth of the effectiveness of information maintenance technology of training machine operator training quality assessment due to factors influencing the conditions of the socio-economic environment, organized training and self-study, the cooperation of the machine operator with the specialists of its field of activity.
According to the results of the 2nd diagnostic slice (2017), there is a significant increase in the numerical values of the information technology indexes supporting the assessment of the quality of the training of the 6th, 13th, 15th, 16th, 23rd machine operators, which is explained by their translation for the maintenance of CNC machine tools with a higher type of productivity and accumulated experience of using the control program of processing parts on a CNC machine with a higher level of complexity.
The interaction of index estimation of the formation of professional competence of an individual and information maintenance technology to support training quality for a sample of machine operators who successfully increased their qualification rank was studied using the methods of the linear function of a pair regression (Fig. 4) .
The results of the comparative study indicate that in the production process, the effectiveness of information technology to support the quality assessment of machine operators, as is elements of the OMMP system, is ensured by direct growing interaction with the level of the professional competence formation of the individual.
Thus, it has been experimentally proved that the increase in the index of the formation of the professional competence of a machine operator by means of state certification ensures interaction with the growing effectiveness of information technology supporting the assessment of the quality of professional training and the development of a personality. Research results of the existence of strong dependencies of the linear pair regression function using the methods of mathematical statistics are shown in Table 4 . 5. Discussion of the results of the effectiveness of information maintenance technology of machine operator training quality assessment A comparative analysis of the dynamics of index estimates, combining a series of self-assessments, expert assessments and standardized assessments of the requirements of the industry standard, is a method of information technology to support the assessment of the training quality machine operators.
The effectiveness of information maintenance technology of machine operator training quality assessment is a significant increase in the index scores of a person's professional competence and the quality of machine operator training, which is ensured by the interaction of formative, diagnostic and mathematical methods.
Mathematical methods of index assessment allow to identify the degree of consistency/ imbalance of consciousness (self-assessment) and social and practical activities of the machine operator (expert assessment), which is a necessary condition for improving the selection of workers with higher qualification levels. 
Conclusions
The basis of the formula model of the information maintenance technology of the support for assessing the training quality for a machine operator is combination of the assessments of its experts and standardized estimates, which provide industry standards. To calculate the empirical numerical value of the index of the formation of the professional competence of the machine operator, methods of combining self-assessments and expert assessments are used.
The proposed mathematical methods for calculating index estimates simplify the process of comparative analysis and improve accuracy in assessing the formation of the professional competence of the machine operator and the quality of his professional training by means of state attestation.
It has been established that the growth of the professional competence index of machine operators of a representative sample of 0.79 times or 1.15 times correlates with the growth of the information maintenance technology index for assessing the training quality of a machine operator by +0.67 times or 1.17 times.
With the growth of the index levels of professional machine operator competence (I PC ) and the quality of its training (I TQ ), there is a direct growing interaction between them, which indicates an increase in the effectiveness of information maintenance technology of machine operator training quality assessment by state certification methods.
